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Reif'ij'.ffl on Viaual D is play :>*& froHRole -v yii-emo 
by Hwrvia RlneKy 

Vision lO'Ww raopfr tioop2#x &r*a ooegjrehOTOSv© of our 
sonnci*y aod^lllriss* Consequently, we can cttpijcU **o obtain 
from victual dl&p-^y environments £h£ rao^fc powerful t-Mh- 
nlqusft of &r<ji&tt2 fefelhg inforniiHon to the use? of a con? Igx 
conpufaer oyBfcem* In this l&oino we di^ouet come aft&ficte of 
construction and uee of visual dl^pUiy syateOa th»J; *tre of 
concern in our effort to obfc&ln more jiCCG&riiblo ooaspufcer 
flyetexeu 



. 



. 






fk>nqjuter UStLffB fcechnltjUtfS &re ^Ire&tfy e&attiifei ally vi{iu«l; 
input &nd output take the fona of tho printed page* Punched 

curds and paDW Cupes BesTire only fljjfl &n Infcornettl^c form, 

■ 

except in fche hands of the kms blt-orlcn^d prog^iiraww « 
" tljie of che spoken word for computer X-0 ID sectatictlly feoB-* 
ibie {though trors 0- bb&n X-3 ftoday, bufc would n&& be con- - 
sidered a great olvaniaffS fcy u&ors. 

While on the Eubjoct of vision in general j X would lil« 
to point ou*; fchhfe ttfsa lWRte& visoal iwchaniSK includes tdao 
whak B&y 1 turn oufe to to our oatff comprehensive oxrt£u£ chsmsaj 

BS walls The spcod tuid precision of the oeuJotafcor dwnngl 
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;r vary 1ixe«« £ft* Innfii ^'\on cf H;« tj* oupcJui: ;•; vf y 
fire and *hOPOttgh, &nd tft variants ;* th:ld' concern of ■* 
lapfca PAFfc °^ **** forobr*iln--Mi* fpontni] tye fioldE* SthSA 
Ryp&eia is probyhly cloo^iy ooaaepned wlfeb tlia inpu* pfii*e»n- J 
recognition Btfafcew, bli4 vie will p$Opo&& lufcer thai* by suit- 
\: 1* co&puf-or Tteehrdouee we raiy ba ablo i» two ifc flleo in * 
motor control mode of pomilbly unprecedented c-rfaorivewrw , 
*7hi.0 potential effectiveness would derive from the clrcua- 
ist^nce feh>t oculomotor control is loore directly* oo&naoKod 
with tfcc niGGhani&rca of conscJoiM thought^ and Mtroush ^ be*> 
tier infortn&fcion channel, »h&n wd fch*> other oso^r TBO-follfclea- 

■She iEmiedAstft* problem €!^ife f^cos ProJ^cb MAC IS Ullfi, 
We need « Byaf'-e© tiv*,£ will give $h* uaer a very lnfcltB0£4 
ch&nnel interaction wifch Ma eoqputRtlou* "^here is no ques- 
tion but fehsit tSje best ayatera technically fenMble today 
would be b±sed on a hi£fr-quj\iiey e&ihodc- r^y fliep^uy Surface^ 
fcacked-up by £ powerful corcbinasion of Bpeeifil feature; — 
character Generators, Jine Generators, ere* 'Kile in fc**m 
musfc be bucket! up "07 a powerful pictoipe-conntrucfcion Bya- 
tieia-"-eor&iare thafc cem convwb a personable form of picture* 
descr-lpbion expression Into fche elements of the pickupe to 
be displayed 9 In addition, one would nctnn li£ht-pen and 
ether* lnpufc devlcea pluft the appropriate trucking progr^ais, 
If expense were no concern, one could specify »nd obvain 
displays of ne&r photographic qualify* 

r iha trouble 1e one of #;rrjei«e« -he '<txpett£0 14 p*rtly 



*J- 






3©*lT*S*a in feta ro*t of feho hl G h-^ui^"d^^l iy hardw^-Q, 
by*; tihJs in only a psrv, 3fc« of.Kor pan, DWl the ::■.*. ; 
e^i'lour: at pr<;3-»nfc, ii in? unon-iouo aoiouivc of cmTpiTv^on 



capacity that; Would have Vc i>e ren'ccti to n»l»fc*In e moving, 

meleer-free* dioplay r, flen o of hish- or oven of telcvleW 

(jutility. fco'Ese the rc*1o of fch» difficulty oba«rwe vi^.v. the 

full high-speed output rate of the TG&*°* Bios:ory bus could 

.- .. Dmintotia jusfc one fceieviaion pic Bare (using «very bit) pre* 

vidce fchail; ii: did bob have to stop fo? eci«uc;>tion. * 

■ 
computation bo 4mtton thfco account:, \h* 709* would by exh^i^ed 

"■"*.. 
by the requirements of "mUn^Xnlna wurh Jowor-quaUty optical 

pwentaHonal' 

■ 
Zfc is fchen an much for conpufeiitlonal rewons c o cosfc 

'■.'>' 
reasons tJ»b wo lautG compromise, and this nctao explores dir- 

Mtlono cf coreproialne H He liuvo olmetved tft&fe the full rctt*; 

Is UHuble to maintain certain kinds of tflapl&ye; on fhv 












otfier side, fihw« ire n&ny kinds' of useful dir.c'tfcyG eceiiy 

- ■ ' * - . . * 







*,•■* ■ ^-^L ^-Vf-. V?. .3«Ppr--^ nb px& ce for a l«rr<e nuwbcr of loa 

■■ : -. ■ ■ — — 1 — —---.-■—■ - ; 

■■quality flinpl*yfl„. '"';■ 

■'.-^^' ■■-.-.. ':t ; l''i: 
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diRplayi'rar.fcrljc of, sr.y, 50 x 20 oh&r&etera would 1> 
quite useful* 2f fehe ohuraeter selection 3e larae, Klin 

1 t * 



t>ou7d b*- pi '..:•. r- -i~- o in tax U me-ptxizf fco 'ho fcnio 7fl« 
or t^wifcar otifcpufc, eeeoeps whffl*e piSnfced oufcpufi 1* 
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We raw tolerate dlBpjgg ayftity f*r l-fdew 'wn tiyj' 
gp erlfic a felone .. 

Our fairly extensive «xpei"i«nce wMrh TX-0 and i'Di--* 
displays shows febat & flickering; dtoplxr, while 
unplejiBftnE, i« vwy useful* HwwilROturer* fcoday offer 
dlfcplijr sysSeas nhcwe &or,er;i«Dr3 will r u *- "P c:).-.r.-.c- 
ier& at x*te*fl oi' the o')?aer of ^00,000 per second, we 
are now used to retee? like 1500 per i>econd ie.fi, , on 

FDP-S.). Clearly aucft generator equlpoi&nS could be 

• 

eh- a red wlfch a lwge ntnabar of dmplay Mibes. Trtis is 



laporsanfe because the essential individual display 






tubes and hardware eoato are not much larger than i£i>.>; 



■ 












of » typewrite** 

■ 

S2S3L ESSffiS* 






For c&ny 6y«te*a5 the inforauifriori can be tiioplayed in 









fixed-frame forakfc* Here the plcfiure need be re6u:ier-\ 



&fced only every on* or & few fieconfia.. "Shle Beam* febst in 



1 



Giip&city, provided one Cfcfi buffer the picture in tost* 



ouch cases 16 Is nofc nece&fih^y to consuaia computation 



- 
'- ffifty "Ag^ay . P-W gtjft^ t^oflp ^g-^iofe nawX the Talk I'W-t 

2n Many nlfeunfclow fphe pnp-t oommtee could flo y 10 

required coapufcationa tifc-V* to 1/3 th© tipeed of the 

. 
7W, and hono© at & g«*ti deal lecfl expense* to 

raosi; promising method seems to rae to be this; doBorip- 

tiww of picture* are ti 

pi crura- language format; 

from then on by «h» PDP-i. In parti 

■ ■ ■■ ... 

fairly difficult to Ed she "90 to h 



tloiaa of pictures are transmitted to *ho fDP-1 in t 

these are buffered ami hjw31i*d 



particular' 1* would be 



Andle Brjscisina 
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5" For fi peelBl advanc ed PipJgftftffp t 



Mne - Eh ^ rln a_iE [[ incoin - 



• - •■ 



paffibl g with adequ ate displays* 

We recosnise thai* the MAC 709'f system ie marginal s n 
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many re?p<cv.a, and cannot be expeefceci co raset; ronput*- 
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■ 



Clonal naedr, thfcS would few: in* ra*ch5ne non-c 

■ - '■ ■ . 

For example, reaeia-ch on animation techniques 



chared- 



niqucs, which 



* 

I regard ss very feasible today, mighfc run into such 



limitations* Another exanple; ife la i.ec 
Able to Implement h&nd- printed input (':h 



schnlcally f eac- 
rough lSgh5*pen) 







~&. 



Bui* t^e OQrH of unjne & channel la rwft lovjp Chw c:*n 

■ 

■totaiftl" Jiw.ft .?r» mjny oyelee before ovcivA). eyufcffla fleverl*- 
or*Bion is noticeable* 

■ 



7 * RepfrJlntt lo n to ty pwt ritfri'-eites p rint- «l oy.fpu^ nil! 



fieriouply vtipTpXCu fr&iEfi on-line feP p\ V\ ?*; i p,R5 > 



^ifopftyniteUj tbla probAbXy inciutlw wort KGtmptt 



■ 



fco bring on-line mnthemxiical eechniquefl into -he h^nda 
.of rxtienttBte who woujd ttfeft'tD use fche facility hS'jh- 
out learning; a new p.r.d caalcfilly r-eeSrieSxd and ineott- 
ven-lont fans****- Ail technical fields use special notv-i- 
feioml technique*, whoae lost would seriously interfere 
frith the soul of Improved Intoriscfeion. 

?frc- Lis i W-Pen Problem 

^hs u&s of the "ilahfc-psn" has become standard in the 
KII area,, wherever a corapufer nsa a scope din play oonaol*. 
3s itt important; £o know thai fc'ne lighfc-pcn facility hsSj in 
l*p,elf, a completely trivial cos*. All ifc requires is & 
pbofcocoll-ampiifier connected So a flip-f '.op whose s^jte &he 
eooputer cun resd--& *B.en«?e-ligfcfc w or- n TrtaAus W* b * Stack- 
ing progiiema. bused on &lBpl« inttwrupfc or "aequsnae-oreoK 

L 

Dperu&ioiis n^ad connuKf no BOW 3tem a fen porcsn* cf com- 

■ ■.'■': -. -, ■■' ■'.. - . 
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r^ev cri^t^y; fehey emilfl *orom a pr^Jew v;ri> ... ^ : . * rt - 



natff listMg 



1 
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F«cfr«m>n8 the uso eff't&o U££ pea .-? o.el* ltf kejb?3«; 
r.or.-x.H:?. 3f enc asnt is .4 oevtoin Bpoi 0i , Eta* Sfg so have c. 
coi : sin proa^wa etsnif 3 oanco, theft one tttupl$ %ncwU :r, hlo 
pspofrfa s fcert lnsbc-ucfc^on following .Wi* op*pfct5«n ':* . I 
cu»«9 Hfefe point fo b« ftghfag, if Jih« •■< ..vsu»-bii: h»& been 
cbtiUflEOd (maic^ing that, the lit:ta-p*n hsR "asm* Kfta bpoI 

■ * 

JwiM; Si.apliyefiJ the test. ^Mfcruccibn cfeuSfts ft'jnan E30 ,. n 
^pptfOprlttW suTwoufcin* vhidi doefl Wh*t ife to be £«:« in ruch 

-, eaae v 

A second mode of iiah^pyn Sp^afclW) ic «ttc| fcha sfaofco-v 

cell 2o connected mc an interrupt lino so Khaft Cfte cociui-cir 

1 










a program which h.ic «aa«0o to a progrtaiwwa t^ble of li&ht- 

pen inberz-upb eonditionss 'jnrpee-Uon of &* i'hfcerrup* loca- 

. >.•-■ 
hion fchen seals fthft JAisbfc-pen " nutroupln« Whfcft ho do fch&n, 

" ■. • - 

Shsr* ire really t:af> diebinet faa&liM of apollckolona 

of fch* pan, £n the Jxagking situation, one usas the pen to 

supply Home wirb of continuous input; infoi-nveWon to fehe 00m- 

puber* 'Xn the d inplay- a ^np ino; modo, she computer scte whether 

the pen tee seen a certain ckavacfeer or picture aletatnt; le 

Viae In effect aMced the ueer ,h yea-or-no Qttesblond jfrocktng 

■ i-i 

would be uBed, c*y, in drbuing a gfitpha ' Sending: Noulti be oaed 

an 5, bast^eaitins program, to dePign-iSa ; -. tert-l.poaclon to be 

:■,.-.■..- 



■ . 



■ ■ 






tfodifitjfcr ■Share in no greats difference in f:fce proarnmndns 
ppr©pp3&*ft t*o i;hcs*^ because the 'retiring itn*if lr* don** bj r 
patting up ** opecl^l Bet of p£ctwe ejenantiiii 3uts Uis dif- 
ffl^encn tscomua Important when onu compilers the design of 3 




^ 






■\ 



ynce ofa picture points is noa eynchronoup w!6h the execution 

.■ ■ ' ■ ■ ■ 

of the parfc of fche program responsible for the display of 

fchat- poinds XU will do libfcla good to uee *he interrupt; 

■ ■ ? ■ ■. ■■ :■ "■■ .■ .. ■■ / 

ftvofesm Uioa. because the current; program oounfcor vilU* will 
be irrelevant* IS would bo irarc adequate, however, if th« , 



. • ., 



She buffer sy&r*:-si to 



interrupt*, subroutine could Interrogate 

find oat which buffer location waa juafc displayed. Eu*; then 



^ 



another serious programming problem intervenes; there has to 






be & table, scoewhera else, giving Che religion between buf- 

. 
for display operations tnfl She subroutines which ex* concerned 









■ 



with Che meanings of different light-pen locutions v 

The solution usually propoaed here ia that «e abandon 



thft ligta<>-pen In -favor of a non-optical poaition sensing 
device, l Ih« reeulc in th&t fcha computer can interrogans fche 
device, sb any time, to find vtoe X-Y coo}:s33n».EGfl of a band 



- 






* 



operated cursor ■ This raiaea the sane serious programing 



protleta in *n even woroe forn, became one h&a then to rsake 
a tesi for £fte proxiaifty of the pointer to the v&rj.ou& #i&- 
nif leant arch© of khe plctuvoft- this requires no* only u 

■ ■ '•! ■ 



■ 






, 9 . 



table bt!i t cr»isi>srteiM1 rMii'in.-. Vfbllft t'hj* woiOd not: be tco 
wiich fiwubla where khtt pieKupo mirfVici c;.n b<i< diviutri Into 
5. mc^nlrsfuJ ooaPMs raesli, or w?wepo on« p.ii'r l*o dr-oW s 
r.urvs ov sm?h, U wculd bo fcsiriy tV-vdlj' for ^pplicitJoro* 
lifce SfcctcfcpsO, and a probisra cvan fr>p fcext.-tdilrln^ irnile 
d fcsble could eliminate .* neiu-ch, it- would hav* & high cost 
In nemory reservation and In eet-up Sine, rno lighfc-pen. Jti 
ifcs presenS: form is so natural Bnd convenient ?h»fc 1fc lo 
worth a lot to ftry to prs3e:?ve It. ah the raachsnicixl 



--. 



■ 
aubrfrifeufco proposala X have eeen r.re relatively olucay, 

both manually and In their programming r«iulreraente. 

'■■„'-■-,'-■■'■■-■■■ 
A bom »ktiaf6cfcory but CGra^-hat expenslvo nolution to 

. ■ .■ ■ ■ ■ ,.. ... ■•■'.,- ■■■^m~- : . ■■ ■ - ■ ■ 

.., this would be ttSys&oia' in Hhloh the buffer stores, along Kith 

■ V . * ! ■ IV-. . 



pen,; the machine transmits the current {or mnte} pen indes 

. ■ i!i ■■ - ,., : . . _■■ . . .. . ■ . 

number back So the compute? • fcnd tbie nurcbor 1b u&od fco 

-■ .-■■:. : ' . \ ;■-' ":■:■ ■ ■* ; 

call the appropriate ^subroutine* H Fop character sensing; thia 
would te quite adequate (provided fabstfl the additional buffer 






■ v- 



epptee is afforded) bufe it would not solve all the problems 

- ■ ■■ ■■ ■ ■' ~ i ■ ■ , ' 

of the drawing* tracking requirements A deluxe display- main- 
fienonce console could incorporate its own tracking feature. 



- ■ . t 

moved between frames by simple DUA circuitry* 

Bslow, W6 propose a fcyafcea— a deluxe, e^pen^lv^ one* 

Whild there 1b eone question of uhother the current 7Q£rt eya- 

fcetn would Justify Use Ifirge &ysfcoin, St c*n serve ** * Start- 

iiw; poln*> for discuoejng fche gyetera to be acquired. 

* 






.in; 



T ::c Bypbeq dMorlbM below ratflbVeonU foofttefin $100,000 
ana $?C0^030 if purefcftood ent-IrrVly from ttwiafacfcwfewu St 

baa 3 deluxe Rcop^keyfeoard eonnoleo, with tKttratSj 6 n£diun 

quality j&Mller eee>pe-i:£ybar,rd com?olc&, ami a nubb&r or 
"efaftttr rcopst* She tU&pl<*y is I**in6ftined by a Spaelal- 









parpoBQ core-neBory K eorapu*;cr* with a vsr.y r^sferdctefl ora&v-- 
• code* TM& le tn expensive technique, because in many reo- 










viilue of fcheae advaflfcagee have Co be oraminod carefully* at 




y core image of the data in the Uftln computer. One could 
iirgue feh&fe Che display core should be part of the conpafeer 
core niewory- ^"hlc Mould be of value, provided that the die- 
play channel doefl nofc fcie up the computer BSln frame (since 






it will he operating more or lest) continuously* in the ays- 
tea below gglflblg^ Btgg ^j ag fie l d^ are A 3Pignefl Co the e epar * 
ate gcopfrfi , rather Chan fixed sectors; Shia neafta that m&ny 
"crude* displays can operate while * few are requiring higher 
data rates, BW nurofiricAl epocirirV>ion» below are for ex*m- 
pie purposes only, and are probably not particularly well- 

■ - : ■ 



™«, 






■ 



-"«-. 



■. 



3 laPS« Mg^V-peBOluftion pc-ops-'feyboird actions 
6 we«Uum quality erope fceybo-ar-i r-fcafcioiU' 
ns^ifi cfceSp (5" 5 coope Keyboard ufr-iftione 
.Sheoe are ell deflected In parallel (che^pO wifeil R3.ij>.le 
a-nxis blanking; selection under pro&PKtt contlfol, Tnia means 
they will til have to be. locefied ne&r Kha driver cpapur-er. 
Longer; difitancefs will require special lir.rn and (probably) 
ccnrpcnswtod aiapiifieroV" 




rasnory, For 8-biC qhniow Address' this tacani* we have up 



to 12,000 characters; or ■ (nixed 1000 poinfcs. linen. etc. 

-. ■■■■,■■ ■■■ . v .-.■....- ■ ' . ' ■■ ■■ .. . ' 

Ibis io enough to supply many scopes, providad they do not. 

* 
ail reauire very elaborate pictures sfc the eyme time, 

'■'..'.:'■■■'■■ 
She entire memory can be e canned in 32 milliseconds, if 

everttl fliclier-free 

. -. ; 

racter time of 
iiround 4 (is, arid line time of the sums order.. * By progr&ta- 





Plgplay v^v^^o 

Characters: 128 fixed, k eisee, k microseconds 
Characters: 129 programmed, 4 sizes, •» microseconds 



Poin&e: >,y) * nioroaecondB 

;wo per word) 

" 



Poinbe: (st,y) 

— 7T ."V _ 

°Wifeh fche current technology* fcbis meana Eotee thins lib* 7-5 
megacycle video > ThinsS woultf be oomevfhdb cheaper fcnd 
simpler with 8us pictcro elea&trts, 

• ,.-..■ 



' 



-*?■■ 



Line*:: «a» poSnta tt -}o 30 inicrafleoondfl 

nes* point; (inw*menfittll 

?or characters, one wants an lnftrMaenfcal Bchwse litos « 

■ 
typewriter, 

* 

■ 

ep ar&ii pn . . 

£he standard operating isode Sb cyclic scanning through 
t string of user programs linked each to Vw n-axfe. Vhe cycle 



. 



io Interrupted only by usor request and by light-pen traps. 
All crapE fire or the halt- and- proceed hypO s because pen- inter- 
rupts will usually require immediate attention , She oowpu&er 
Operating •*» Buffer rcust keep tables to interpret the inter- 
rupt transfer vector? supplied by ufter program* 2t also 
keeps 3 tntsp of uoer locations, so fcna* SB can re-aeoSgn arc:,!*. 






and Insert jursps around program that are feeing icodlfied or 




■ 
' '-as" will be eeen, the Buffer's order coda is rich enough 



■ : 



L '. .-• 



to provide many complex, services without bothering the com- 
puter a* "all.- - 



• Basic Order Code h ' - q 10 

_ . . — , - 



■ 



OUSB A. . [oi] X 3 

1 1 . 1 



I 



' rtt 


a v 


mn 


■; < 


'>'<■ 


: V 


.PA 


s,s 


\-7: 




rw 


:,v 


:?ri 


' ; - ^ 


.... 


t/V 


D&? 


:t,v 


ISA 


:c,v 


nisos B„ 




WP 


;:,b,,c 



1,1 3- 



?r-a 'V: Uion Regie ",-•■ w*;* &.?.-. 
" r:.- c< v.-m-, « i- ' « 

Sncrecw?'*; ra "- * 

Oiappfty paint g& iX t V) anfl Ipfl. 

, . ; PR* fx,*) utf JOT 

Ill', 
* * PS *o PrV{X,Y), fefi* 

£ 3 J * ■£ 

Uti; op i 3 I c J A "I 







unCii re»« a Aufcoa&ftio OfctttiaRe return 



M uu C. - J 2 J* U 



| iiio ) o? j M ii 



Stfloet scope B, raost pen fla«,?R *n«l Wt. 
Jimp on pen flag Vo *»„ Rce&s ??, 

on no pen rXftg to N, 
Xtaccndl fcionAl JiiffpT 

Intorrupfe eotmufcep ami iulf-,. Ooaputiw a en 
read k dJi-cC'Uv, Condi fctonaX on :-?.. 
Jotesrupfc, fffec. On no pen fUv, 
Interrupt; uneondiCion*l 

Cluso ii 3 3:1133 foriHit as elate?. C, except; that bit * is « 1„ 

Deposit ojJPRj io N, 
De-posit ctRRJ « c'FIt] in N. 
LOsd RU from Jt 

Coripl emenfc bit- 12 of register N„ 
tap Ka N * J ;;.nd du;jc3i$ 3LC In Addjvea 
. part of >], 

■ihs order code contains a variety of relocation fctures. 
A Reloes*io» Rociteer is provided for nbiffeing n Whole picture* 
irnvthermore, thlnso uro ueutiny inoMKSOfcal; e biiee Position 
Register aerves >-*o define connected polygons with one posnfc 



UP ^ 
,rpp'' n 

1PH K 


KJN Pi 


Il 3 35151 


SPA M 
SPA M 

LRA K 
S3P K 

SJD H ' 



,Ul. 






■ . 



address p$r sea-sent. {Ojio could increase efficiently by sdif" 
ins *noar line''* hiwI "near point 11, nodes, *t- two unite per- 

—J 

"The ;.l*>tfl E instruction CTP provides for KUtoic&fc&Q 
anpEOkine of BCD text mfe 3 £-bifc charaabere per word, One 
Might ?.dd a '» 6-bit node, Pise end BrJsht.-ne*o are Beleofeed 
here for wery thins (by using HP 0.,B,C), Characters art 
imfcomaiiicilly spaced* with atrtouafclo daariage return apfi 

InoremsrrtAns of the PR* 

\ftie class C instructions are concerned with llgh£»p«n 
control* fhe £PH 3) instruction causes & compuftor interrupt. 












nrd then the number H is nv^ilable for interpreting She pen 
action • Sis ±2 reverses brsnoh decisions* 

CIsb;! D instructione are distinguished by the f&cfe that 



Shcy x&xke data roeraory references • Shey arc luxuries tJmS 

.... 









make p033.lble fancy autom&bio conditional displays and pen- 
trioKing, &t the price of 2- cycle operation and corresponding 

-fry* 

<Jhe 22P Instruction, in conjunction with class C in3fcrua- 
toons, allows for fully -automatic teachlns nachlne programs 
without any computer interruption? 

Ww So"D instruction allows for use of common system euo- 












prcgrsos 
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ns, i.e., useful parts of pictures, graphs, etc. 

- 

tet.pl. 1. 

s a display with sooe li<jh>-pcn control, and the 



Here il 
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p«gr*:ta i j maintain it 
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Soft- up, 

. - ■ - - ■■■ . :- : . , ■ 
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t?H pggi 1' Return If pen eacs P .. 
TiP *,g,3' "Trapezoid . d 

12° 
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Tra 
Pe 2 
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EPP X af Y- net-urn Tor pen on P, 

£PK bfiv? J 

WP 6,2,3 "Porfcllelosran* 
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41 J 
elo 

«m ' 

«® " 

$$ &.& **«* the ftrapeaoid 

dli x£.y£ 
du xjLn ■ 

4"H Uncor.USti or ( ,'.a nohdWi .■ 

. ■ 

tha picture anfl oil voices only •;njy 3D pegiflliaro* Zh« 

oownenfc zones e.lcw, X think, fchst ttt* tw/.n of the eon®*!** 

and of Che original pic5uye-descr.lpr.i0n fisngiwae are quite 

. Btraishtrorward. 






SuppoE-o w# want feo make lb pooaibje for the Buffer Co 

provide *he condole uftcr with branch pSftfcVrW; We e«n do 

... 
thifl wlftii the SJP instruction ao folic us, fcefc A*fii tnfl 

AHSS be the entry location or two promos fthaf are appropri- 

■ . ..■■'.■'.-■,■ 

ate to the f.jo responscD to the frane of ex&mple 1. We modify 

the prosrta above ao follows; 

- 



Q*i 5PF ANSI 
C>? -jPF AN3S . 

/ write "Shi* 1q u\ 

T>?? X.,y o Swif-oh to ANSI program., 



• 



* 



DPP ig.Yg 

JPF* <?+2 . 
SJP ft*l 

DPP X 3 ,Y 3 
■JPF* «*2 


bwit.cn to ANSI program* 

- 

J L 

— write *trepiaoi*\ 

Switch to AMS? ptfOfcWto* •'■ 
writ* ^par&ilelogrwa** 


• 
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<• 
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draw bsraposold 

= ■ 

1 
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3m END 
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AfSfl 1.FH 0,0 




« FC! XgjVg 




WP 5„2,3 
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' 3fch 
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ctrr, 




oct* 
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"Stow la correct". 
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This chow? hew a simple bufe ecn*l*U teaching PF9&M la 

■ ■ . ■ - 

rolrtttlned without: any computer interrupt-, at an.' The loofc- 

l>ione Q*l, ft*2 serve a3 a switch which is actuated by light- 

pen signals from corresponding; BdX&a&on picture .«X«mant» a 

An incorrect &nr,ver produces m *WQ V 'XfC£ AGAIN?" picture. 

ana this new piofcurs ie also pCTuaeno.Vt.lVrt and csn return 

t*e display to Its original sfctite, Note that only S3 regis- 

liars were consumed by the two &ddifeionel simple texts, «nd 

fthat fche progx&reming is still Binpte. 

Ws a^s in 6ho above *«BKffl)j)l9fl that vai-aotmina workr vex:/ 

■ 



• 






- ye-. 



m^:jv ( ('»*a did not attend Ito rwttinfl Hi* pen fi •> one 
;.',y to do i*ln vltfeont WbefcJnfl Mvtr&sUMM i* *o im-« s bid 
in tha non-el:*** A in&tri»£io:»?-) ii- ukftns ie done wry 
e-iMiy by using 3*A* tot t*X.A ? ), tX £j y ? V..-..(X K ,V a ) f« L1 
* *uit*bls ""SPactting pafct-ern", eg;.. , 

■ ■ • 






.. . . 

Supooe fch*t; {X,,Y,J we £iv«i'*in.Sncreat-ntal form (X ? £ J* 
/q 0). %fcon fctee following w^r^sm wul tare etc Aubotnabi 



1 

■ 



■ - 

S2AOT WV. . ; :- R 

&RR X,y (X,lf are mifciel in'.c K coordinate*} 

DP? XL** 

.^ * r e*sc firafe coin* 









iff ««D-t *»' ^* ^ iHt 
DPP Xp.Yo 

-*PP END- 4 Seafe " 4 -' cond P°- nfe 

- 

DP? X V ,Y- 

*» Clb-l * eali lfcafe P° lnfc 

Stf A S?ASW*1 

5fce computer can find where ths pen 18 *fc sny cltne sintpiy by 
reading ff?AKE*i. If infeeXfcupft is perralGslble, tsfaen the Ei*D 
■insferuofcion is VJU EKD, and the computer can read the RR. 
Ofcfcerwi&e, once started, the &r*ckSns program requires 
ftbsOlufteU no. attention, and i« called efe the overill frsme- 
r-flpflfci»ion r«te, Sh* program is quite «horfc mid can ba modi- 
fied (by using 1<PA ip»*fl*fi of j.RR) *o be frhyred by savor*! 



r 






*T»w** in* •«.>- *»v:Vi r p r— * in*"**""* 



Mn- ptf»5iii*>i s«**" 



c*v im i- s#-*i./ctv* w^rowe^ 
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' ..'V . 
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i* ?Jpo of Cmrttoon flu^rou 1 inef- 









He rttas occnoalisa pfiorajje .and lymi >n 2 ways- wliwi neve**! 









I'jvrn u**ifc V&e Kisnie display. ($hi& uny occur in many non- 
obvjouo caaea or.ce things a*'*- going; sr»i>h f create, ooBask 
tjtn of fcflxt, instruction!! for oj>*risMfig the ^yateraa, c'cic- 






plex relocatable objects Mrf J"ig:ur3.% el;c ■ Accesr- can be 



obtained by 



■ ■ 

S^D A JutPp to A+l .\nfl deposit location courier 

in address pftrtof A„ 

Kheri.'a subroutine ends by Jumping bx.ok to an instruction 

A ww — 

'which returns control to whence It ewe. Again aora* 

action may Se needed between use?*, 

■ 
Cpnaon Select 

Uhe SSC, ealees »ccp« cotmand-i can be u&d« *;o 

add in bnoiher acopc but not <3i^cohneci; the ones 

A.3p**jtdy ln-> fthen we need & Mnconneafc SCope oofflH&ni 



pr ° s 






too. 

One di»ndv^ntB3e of this i« thai *&e compiler bafl 
, to worry about interaction between ucsrs- this rosy 

• C 

be «orth- It. 

2v Brlsh*negg 

It 1b very uBcful fcc h»vs *->he pen-triaecr raise the 









Vriahfrviefic of «hc picture element tft&fc excited wa pon- 
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kibi..l 
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Chin c-«n te done by as instruction 

* 

SDR A,B Deposit 8 in tiic B-jmrt of reenter A 

(where ft contains the cl&en B Iritt^ruafclana 
Clitefe aet Hw r$2uVAnk brirchfcrieatt level. 

■- - - 

A St-bifc word would ttllovi for three Et-bit char^cterE, or 
fc-.*o 12-blt X-3T increment psiro* For bexftj the fcypcvtriftw 
node is ovifee efficients when s«tfj c-nn be confined to 



■ 









within noma standard 6"* character aXpbt&efe, then on? could 
uss *i characters per word through another 2YP instruction 
Vh&ft EfifeR ih* Shing 5o fcatite S*bi£» fcyftSK 3 



- 
could 



* a x - ■ 

2f 9-bit coordinate selection were ^cccpfenble, then one 
nld do quite well wii;h another cede based on l8-blt (PDP-1 



eocsp^Mblei worda* Tn& 9-bifcs tfould not compromise ch*r-±cfcer 
and lins Quality , tut no'_ad silgh-Sy bffeob curves. 



■ 
■ 

There io no great adv-anfrage In us2r-K a clana B format 
for linee hero. 'She DLX is juafe an pcod, in Hie 2*-Mfc ver— 
oion, But in «n iS-fcifc machine d (il«ua B mode would be tteoott- 



tsry. 



. 



fthe dlspl&y buffer co^uter sketched above sa a kind of 
2-0 ct&nndl computer* IC iu not quite a ssneral purpose 
computer, and nesd nott be terribly expensive, but*- it ie com-' 
plie&ted enoughs 2t would nwke & good Muter* o theois or 



' 



. - 



ftwo* Excsot for cluse D Instructions, the re&ialers arc 



- 



■ 









i 



loaded in She ^laanedia** fcocte* (£»£-, like the LAW 3 nsc ruc- 
tion on the PDP-1 or 1:ho AX5 instruction on the 7090). Ifocrff- 
fore, the instruction cycle? fcsfceft ens meoory cycle, rather 1 



■ ;■- 









than fiha ustaal CMo in i Sjfpjt a $lo(j3« ^r^n Computer, 
;i». two eycJiH re«itilrefi ty tho prawned pWs D insfcrwfcionH 
could b«! ona&frsd af i*s »eiNJ pKpir.T; vc supply y repar&lc 
R3 resl&t*r fcr e*ch scope/ a* Bftieofced ty feha S3C inmruc- 
tlon. tu- Wide rairetw bo expensive, 

Oiher features of the pynfaM ShVolve flxporuitw no looser 
atari but; t-Xe to the buffer e'onfettfcer l*jBe3f, 'aut. rathnr to 
necescarj noope *c;ceKfc&riys« ISius the expense of line fierier- 

gfcicn shoiud not be charged fco fcha innov^t^ona here:. Si^i- 

- - , 
larly* the SXZE, snd EFttOi-TTbTSSS option* kt* part or the char* 

befcar generator, as ire the 6-blt ^h*r-.*cfrarB, The tvpawrifrer 



feature J* not expensj'ie, since tfc can be done by Wanting t;he 
X~Y of the position re&idtcr sr B couple, adding «n increment 




'^P°^> "y.^A :tng ln th '* ^^- 'P^cr^Cpar rft-liy toe Buff er 



■ 

SER x Sfc&rfc buffer operating «.% *. 

regie tar {the 



bbc Head buffer's inabpuolion 

eddrenc- for 1FH and SOB J. 
LBH X . X^p.d buffer refti*fcer> X, 

PBS !C,Y,Z Block *iransf 

PRO Proceed ifa 



; 

. _ _..„,__.__ — 

PB2- !(,Y,Z Block fer&nBfer i' aordn into buffer Btapfc- 

totnpuher) &nd 2 {in buffer) , 
■(after Eflit)- 
RPR Read Ponition- 

rbr Rs&d Reloc*«on, 

IIVIU4I 

regard picture output 



Beading a buffar reglet*;r ife opfclonfcl, since on* ahouid 
be eblo fro regard picture output ae. «ri;;e-cnlv '\ But for 



:^..,:i-... :-..:.... v.-:-.. ... ' i 



■ *• rtiivc the nuiTer cere b« on a ch-nn.tl from SUe coBJiwtar- Oor 
picture hero, fop M<V". at* **> '*■ *W*fl on>«mfct £i? or. tr-.- Pf»P-a, 
wUJoh Is in «««» ftfrfetohea f» the 7ogo n She pdp-5 itr.elf 
cou.ld not a-»5n^in fe'-ia Get-vice pvoporod. here t^lna* mlslw. 
rome out «WT-re*K>!y well, ho*yvf*r. If «3© buffer core- Id 
dareetiy tddritPHrttle by ibe M»-i V in .-?xtr* auction of 
raemory- In that caae, fc*.e 2*t blin wnum be b>,d, fcttd n*- 
''iouvz consider an order code ir.orc suitable for (ue!>>) 18 

tits. 

!tn the computer, things are no* fcoo corapliotrid* E^cft 

ueer is ^signed a zone for hie fcr.mefftr vectors Jassuralns 

.:•■.. i- channel interrupt) >nd She picture compiler keeps tract of 

^hese; they .»-ro Symbolic in the us3r B s picture linguae©. "She 



' conmtiW can be auifce simple, and still allow the user grenS 
flexibility in Specifying his' texlt, 'point*, lines, et»V r and 

i ," .. «*• ■_. ...^^ *,-*...,. ——j-^.-, „H~nr i-Kq l^f^iii^f:lnr! 




danger or the loader catching up with She buffer program, 
but this could be programmed around, Except for the S-type 
instructions, there la no user-interaction danger, because 
the programs don't modify iBtMory- For S-lnsfcrucfcicns we 
muefc be cure that 3 in in the saae user's program, fr-nd that 
**n S-operation does not create is new, illejal S-opeMj.tlo». 
Since the dangerous esse le ao restricted, wo cfth seise 
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•;Y-..; >; col* fey i::-i<:i.nry ir, *?ic cperftttJ aft'- eclff ti i irt . .-. 
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Video Auipa ;' 



«w3 c&tleii 
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S-^Scope^ 30*. 
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3 &;»&n Another raaw desavlbins & Icmdr^povforfwoce 

nroraiGc> Kid she aB8del*fe$tT hupiac ttAferunanftfihIoa prob3«iu 

■ , - ■ ■ . '"' 

Tnts nercc will shortly be ZnflV^iwntAl.oy vUi order-coie for 

sn 18-blt version rnora ^yprcpriat* fcb fch* FDP~l f 709-1 coja- 



